Relatively high doses of DM in combination with quinidine are used for the treatment of mood disorders for patients with multiple sclerosis (MS). However, at lower doses, morphinans exert anti-inflammatory activities through the inhibition of NOX2-dependent superoxide production in activated microglia. Here we investigated the effects of high (10 mg/kg, i.p., "DM-10") and low (0.1 mg/kg, i.p., "DM-0.1") doses of DM on the development and progression of mouse experimental autoimmune encephalomyelitis (EAE), an animal model of MS. We found no protection by high dose DM treatment. Interestingly, a minor late attenuation by low dose DM treatment was seen in severe EAE that was characterized by a chronic disease course and a massive spinal cord infiltration of CD45 + cells including T-lymphocytes, macrophages and neutrophils. Furthermore, in a less severe form of EAE, where lower levels of CD4 + and CD8 + T-cells, Iba1 + microglia/macrophages and no significant infiltration of neutrophils were seen in the spinal cord, the treatment with DM-0.1 was remarkably more beneficial. The effect was the most significant at the peak of disease and was associated with an inhibition of NOX2 expression and a decrease in infiltration of monocytes and lymphocytes into the spinal cord. In addition, chronic treatment with low dose DM resulted in decreased demyelination and reduced axonal loss in the lumbar spinal cord. Our study is the first report to show that low dose DM is effective in treating EAE of moderate severity. Our findings reveal that low dose morphinan DM treatment may represent a new promising protective strategy for treating MS.
Dextromethorphan (DM) is a dextrorotary morphinan and a widely used component of cough medicine.
Relatively high doses of DM in combination with quinidine are used for the treatment of mood disorders for patients with multiple sclerosis (MS). However, at lower doses, morphinans exert anti-inflammatory activities through the inhibition of NOX2-dependent superoxide production in activated microglia. Here we investigated the effects of high (10 mg/kg, i.p., "DM-10") and low (0.1 mg/kg, i.p., "DM-0.1") doses of DM on the development and progression of mouse experimental autoimmune encephalomyelitis (EAE), an animal model of MS. We found no protection by high dose DM treatment. Interestingly, a minor late attenuation by low dose DM treatment was seen in severe EAE that was characterized by a chronic disease course and a massive spinal cord infiltration of CD45 + cells including T-lymphocytes, macrophages and neutrophils. Furthermore, in a less severe form of EAE, where lower levels of CD4 + and CD8 + T-cells, Iba1 + microglia/macrophages and no significant infiltration of neutrophils were seen in the spinal cord, the treatment with DM-0.1 was remarkably more beneficial. The effect was the most significant at the peak of disease and was associated with an inhibition of NOX2 expression and a decrease in infiltration of monocytes and lymphocytes into the spinal cord. In addition, chronic treatment with low dose DM resulted in decreased demyelination and reduced axonal loss in the lumbar spinal cord. Our study is the first report to show that low dose DM is effective in treating EAE of moderate severity. Our findings reveal that low dose morphinan DM treatment may represent a new promising protective strategy for treating MS. © 2011 Elsevier Inc. All rights reserved.
Introduction
Multiple sclerosis (MS) is an autoimmune demyelinating disease characterized by chronic inflammation and axonal loss in the central nervous system (CNS). Treatment of MS is limited to immunomodulatory or immunosuppressive therapy that is not always successful and often has severe adverse effects (Gold et al., 2006) . Therefore, the search for new compounds that can regulate autoimmune inflammation without causing significant side effects is of importance. Derivatives of morphine have been reported to attenuate inflammation in chronic neurodegenerative disorders (Li et al., 2005; Liu and Hong, 2003; Zhang et al., 2004) . This anti-inflammatory effect was observed with both dextra-and levorotary morphinans, was not associated with opioid receptor modulation, and was due to the inhibition of superoxide production by phagocytic nicotinamide adenine dinucleotide phosphate (NADPH) oxidase NOX2 (Li et al., 2005; Liu et al., 2000; Liu et al., 2003; Qin et al., 2005) . Anecdotally, an antagonist of opioid receptors, naltrexone, has been prescribed offlabel at low doses for the treatment of several autoimmune disorders, including MS. The effect of "low dose naltrexone" (LDN) is believed to be mediated through the increase of opioid receptor density induced by chronic application of opioid antagonists (Narita et al., 2001; Rajashekara et al., 2003) . It is unclear whether inhibition of NOX2 might also contribute in the protective effect of LDN.
NOX2 is highly expressed in phagocytic cells including macrophages, neutrophils and microglia. Activation of NOX2 requires the assembly of an enzyme complex consisting of the cytosolic subunits p47phox, p40phox, p67phox and a membrane bound flavocytochrome gp91phox (NOX2) associated with p22phox (Bedard and Krause, 2007 
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